Abstract. The cryostratigraphy of permafrost in ultraxerous environments is poorly known. In 
INTRODUCTION
attributed to vapour deposition, whereas P1 and P7 are situated in the NCZ, where the ground ice 1 formed by the freezing of partially evaporated snowmelt water (Lapalme et al., 2017) . The top section of the permafrost cores were scanned using a Siemens Somaton Volume
5
Access dual CT scanner (pixel resolution of 0.4 mm for x, y and z axes) at the Institut National 6 de la Recherche Scientifique (Québec, Canada). The technique produces a series of cross-section 7 image slices that represent the relative X-ray absorption rate, from which the CT value in 8 Hounsfield Units (HU) can be calculated (Hounsfield, 1973; Kawamura, 1990) . Density was 9 calculated relative to that of water; thus, water has a value of 0 HU and air has values near -1000 10 HU (Kawamura, 1990; Delisle et al., 2003) . When combined into an image stack, the image 11 slices create a grey-scale image representing a 3D reconstruction of the density variations of the 12 materials in the cores. Darker tones indicate lower density materials (i.e. gas and ice), and lighter 13 tones indicate higher density material (i.e. sediments) (e.g. Hounsfield, 1973; Calmels and 14 Allard, 2004, 2008; Torrance et al., 2008) . Image processing and interpretations of the CT scan 15 images depend on the threshold values determined for the various components of the core. The 16 threshold value for identifying ice in the permafrost cores (-320 to 775 HU) was determined 17 through analyzing the histograms of density measurements in the image stacks (e.g. Dillon et al., 18 2008; Obbard et al., 2009; Calmels et al., 2012) .
20
Classification of cryostructures using CT scan images 21 Cryostructures are defined as the description of the distribution and shape of ground ice in 22 permafrost (Murton and French, 1994) . CT scan images reveal cryostructures in a permafrost 23 core at the millimeter scale, resulting in a more detailed description than would otherwise be 24 possible along natural permafrost exposures or upon retrieval of permafrost cores (e.g. Shur et 25 al., 2004; Kanevskiy et al., 2011 Kanevskiy et al., , 2013 Kanevskiy et al., , 2014 . The cryostructures visible in the CT scan images 26 were identified using the Murton and French (1994) classification, which includes lenticular, 27 suspended, reticulate, layered, structureless and crustal cryostructures, with the addition of 28 porous visible cryostructure, defined as random inclusions of ice that fill large pores (i.e.
29
Stephani et al., 2010; Kanevskiy et al., 2011 Kanevskiy et al., , 2013 . Cryostructures were analyzed using the
30
Orthogonal Views function in Fiji image analysis software. resulting masks from the function represent the filled outlines of the measured particles that were 7 used to compute the total area covered by the particles (Ferreira and Rasband, 2012 by Micromeritics Analytical Services, Norcross GA, USA).
21

RESULTS
23
Sediment properties
24
The sediment in the five cores is a pale brown (10YR 6/3) medium sand (0.25 to 0.5 mm),
25
with <8% silt and clay ( Figure 2 ). In each core, the grain-size distribution changed little with 26 depth. In the three permafrost cores from the PCZ and IMZ (P8-C6, P8-C3, P6-C5), sand-sized 27 particles ranged from 47 to 96%, gravel between 1 and 52%, and silt and clay occupied <5%. In 28 the two permafrost cores from the NCZ (P7-C1 and P1-C1), the values were 76-97% sand, 0.3-
29
21% gravel and <8% silt and clay. According to Andersland and Ladanyi (2004) , the sediments 30 in the icy permafrost cores can be classified as low to non-frost susceptible.
Given the homogenous grain-size distribution, mercury porosimetry was performed on two 
Ground-ice content and accumulation rates 26
In the five icy permafrost cores, EIC and VIC ranged from 0 to 66% and 32 to 82%, 27 respectively, with both measurements being highly correlated ( Figure 5 ). In P8-C3, collected in et al., 2013; Lapalme et al., 2017) . Therefore, the type of cryostructure observed in the 2 cores could not be used to infer the mode of emplacement of ground ice. (n) that is subsequently filled with ice, the maximum content of pore ice would be:
where ρ is the dry bulk density of the sediments.
13
For typical University Valley sediments with ρ = 1.3 g cm -3 and n = 0. and its depth will vary following temperature and humidity changes at the ground surface ( Figure   3 9). According to Fisher et al. (2016) , the maximum ice-table depth for medium-grained sand, 4 like that of University Valley, is expected to reach ca. 50 cm when ground-surface relative 5 humidity ranges from 50 to 60% ice .
6
In the five icy permafrost cores, no change in the type and distribution of cryostructures was 7 observed in the uppermost 1 m ( Figure 5 ). However, a paleo-sublimation unconformity could 8 potentially be inferred from the abrupt increase in ice content at ca. 40-60 cm, which corresponds 9 to the maximum predicted ice-table depth ( Figure 5 ). Previous studies inferred that VIC CT could be used to estimate the ground-ice content of 20 permafrost (Delisle et al., 2003; Calmels and Allard, 2004, 2008; Calmels et al., 2008) . The 21 studies were based on frost-susceptible soils that host thick ice lenses or bodies of massive ground ice, and VIC CT was not correlated with measured ground-ice contents. Here, we assessed Overall, VIC CT has the potential to estimate the distribution and abundance of ground ice.
3
However, the accuracy of VIC CT would depend on: (1) the relation between porosity and the 4 distribution of pore-space diameter of the sediments; and (2) Figure 6 should not be applied to all Colorado. Valley. Gravel (≥2 mm), sand (<2 mm to ≥0.0625 mm) and fine (<0.0625 mm) sediments; c.
Figure Captions
17
Pore size diameter (µm) and cumulative distribution (%) in two representative samples of P8-C3
18
and P1-C1. 
